Objective: The aim of the present study was to investigate the patterns of use and prognostic significance of adjuvant chemotherapy (CT) for patients with stage IC ovarian granulosa cell tumors (GCTs). There was no difference in OS between patients who did (n = 145) and did not (n = 282) receive CT, p = 0.52; 5-yr OS rates were 93.7% and 91.6% respectively. After controlling for patient age (< 50 vs ≥50 years), tumor size and performance of lymphadenectomy (LND), the administration of CT was not associated with a survival benefit (HR: 1.07, 95% CI: 0.52, 2.21).
Introduction
Ovarian granulosa cell tumors (GCTs) are rare malignancies representing < 7% of all ovarian tumors. Most patients present with stage I disease (Ray-Coquard et al., 2014; Schultz et al., 2016) while late recurrences, even 10 years from the initial diagnosis are not infrequent; emphasizing the importance of a long-term follow-up (Mangili et al., 2013) . Surgical excision is the mainstay of treatment, while the necessity of lymphandenectomy (LND) for apparent early stage disease has not been established (Nasioudis et al., 2017) . Given the excellent survival rates of patients with early-stage disease, and the indolent course of GCTs the role of adjuvant chemotherapy for this group has yet to be established (Ray-Coquard et al., 2014) . Due to the lack of highquality evidence, there is significant variation in practice. Certain providers reserve adjuvant chemotherapy for patients with high-risk characteristics such as large tumor size, high mitotic count and stage IC disease (Ray-Coquard et al., 2014) . Currently, the National Comprehensive Cancer Network guidelines recommend that either observation or adjuvant chemotherapy can be offered to patients with stage IC SCSTs (Morgan Jr et al., 2016) . However, a recent analysis of the MITO network that included 40 patients with stage IC disease failed to demonstrate a benefit for those who received chemotherapy (Mangili et al., 2016) . The aim of this study was to evaluate the patterns of utilization and outcomes of adjuvant chemotherapy for patients with stage IC GCTs, using a large multi-institutional, hospital-based database.
Materials and methods
The National Cancer Data Base was accessed and patients diagnosed between 2004 and 2015 with an ovarian granulosa cell tumor (ICD-O-3 histology codes: 8620/3-622/3) were identified. Those with substage IC were selected for further analysis. Patients without information on the administration of chemotherapy were excluded from the present study. dataset. For the purpose of analysis, reporting facility type was divided into academic/research and other. Reporting facility type is suppressed by NCDB for patients aged < 40 years. Year of diagnosis was also mathematically categorized into 3-yr intervals. Demographic and clinico-pathological characteristics were compared with the chi-square and Mann-Witney U tests. Logistic regression was performed to identify factors independently associated with the administration of adjuvant chemotherapy. For any patient to be included in the survival analysis, a minimum of 1 month of follow-up was required. In the present study, overall survival (OS) was defined as the number of months elapsed from tumor diagnosis to the date of death or last-follow up. In the NCDB, vital status and months from cancer diagnosis to the date of last contact or death are not available for cases diagnosed in 2015, as such survival analyses were restricted to cases diagnosed in 2014 and earlier. OS was evaluated following generation of Kaplan-Meier curves and comparisons were performed with the log-rank test. A sensitivity analysis was performed following stratification by performance of LND and tumor size. A Cox multivariate model was constructed to control for a priori selected confounders known to be associated with survival in patients with GCTs. All statistical analysis was performed with the SPSS v.24 statistical package (IBM Corp. Armonk, NY), and the alpha level of statistical significance was set at 0.05.
Results
A total of 492 patients with stage IC GCTs who met the inclusion criteria were identified. Median patient age was 49.5 years (range: 7-90 years, IQR: 21). The majority were of White race (70.3%) followed by Black (24.2%) and had private insurance (63%). Presence of medical co-morbidities as assessed by the Charlson-Deyo index score (defined as a score > 0) was infrequent (17.5%). Regarding tumor size, 45.9% of tumors were ≥ 10 cm in size. A total of 260 (52.8%) patients underwent LND. Information on the type of reporting facility was available for 365 (74.2%) cases; 29.3% were managed at academic institution. Tumor grade was available only for 128 patients; 42.2% had grade 1 tumors, while 34.4% and 23.4% had grade 2 and 3 tumors respectively.
A total of 166 (33.7%) patients received adjuvant chemotherapy. Based on available information, a multi-agent chemotherapy regimen was administered in 94.6% (157/166) of patients. Median interval between surgery and chemotherapy administration was 49.5 days (n = 164, IQR: 34.75). Among, patients who did not receive chemotherapy; 17 were deemed ineligible due to patient-related risk factors while 36 patients were offered chemotherapy but refused, and for the remainder chemotherapy was not offered. The percent of patients receiving chemotherapy increased over time, from 22.7% to 31.5% to 36.2% and 39.2% over each respective 3-year interval from 2007 to 2009 to 2013-2015 (p = 0.056) . In addition, patients who received chemotherapy were younger (median age was 48 vs 51 years, p = 0.005) and more likely to have private insurance (p = 0.006) and be managed in non-academic facility (p = 0.041). Higher chemotherapy administration rates were noted for those who had tumors > = 10 cm in size (p = 0.033). No differences were noted based on patient race (p = 0.37), personal history of another tumor (p = 0.18), performance of LND (p = 0.11), performance of hysterectomy (p = 0.79) or the presence of medical co-morbidities (p = 0.21). For the 128 patients with known tumor grade, rate of adjuvant chemotherapy use for those with grade 1 (n = 54), grade 2 (n = 44) and grade 3 (n = 30) were 22.2%, 25% and 33.3% respectively, p = 0.53. suppressed n < 10, * missing for 3 cases, &missing for 42 cases.
D. Nasioudis, et al. Gynecologic Oncology Reports 28 (2019) 145-148 chemotherapy. After controlling for year of diagnosis and type of insurance, and tumor size ≥10 cm (OR: 1.85, 95% CI: 1.21, 2.82), and management in a non-academic facility (OR: 1.78, 95% CI: 1.10, 2.88) were significantly associated with the administration of CT while patient age was not. A total of 427 patients were included in the survival analysis. The median follow-up of the chemotherapy (n = 145) and observation (n = 282) groups were 57.3 and 61.5 months respectively. A total of 11 (7.6%) and 29 (10.3%) deaths were observed in the chemotherapy and observation groups respectively. Following the generation of KaplanMeir curves, 5-yr OS rates were 93.7% and 91.6% respectively and there was no difference in OS observed between the two groups (p = 0.52); (Fig. 2) . After adjusting for patient age (< 50 vs ≥50 years), tumor size (< 10 vs ≥10 cm vs unknown) and the performance of LND, the administration of adjuvant chemotherapy was not associated with a survival benefit (HR: 1.07, 95% CI: 0.52, 2.21) ( Table 2) .
Following stratification by performance of LND there was no difference in OS between the chemotherapy and observation groups among patients who did (p = 0.15) and did not (p = 0.32) receive LND. Similarly, following stratification by tumor size, there was no difference in OS between the chemotherapy and observation groups for patients with tumors > = 10 cm (p = 0.07) and < 10 cm (p = 0.28) in size.
Discussion
This study is based on a large cohort of patients with stage IC GCTs derived from a hospital-based database. Approximately one third of patients received adjuvant chemotherapy. An increase in the administration of chemotherapy was noted over time while large tumor size was independently associated with its administration. However, adjuvant chemotherapy failed to achieve any survival benefit even after controlling for confounders.
Given the rarity of GCTs the majority of prior studies evaluating the utility of adjuvant chemotherapy were derived from single institutional case experience and combined early stage and advanced stage disease patients in an effort to increase statistical power (Meisel et al., 2015; Park et al., 2012) . Rupture of the ovarian surface epithelium or tumor involvement of the ovarian surface have been identified in multiple studies as a negative prognostic factor for patients with stage I disease (Auranen et al., 2007; Wilson et al., 2015) . In large cohort of 160 patients with stage I granulosa cell tumors, a higher relapse rate was observed for patients with stage IC (43%) compared to those with stage IA disease (24%) (p = 0.02) (Wilson et al., 2015) . To date, only two studies (Mangili et al., 2016; Wang et al., 2018) have investigated the role of adjuvant chemotherapy for patients with stage IC disease and both reported on disease-free survival (DFS). Similar to our results, an analysis of the Italian MITO-9 network failed to demonstrate an improvement in disease-free survival (DFS) for patients with stage IC granulosa cell tumors who received adjuvant chemotherapy (Mangili et al., 2016) . In that study, the rate of adjuvant chemotherapy use was slightly lower, 22.5% (9/40 patients). After a median follow-up of Nasioudis, et al. Gynecologic Oncology Reports 28 (2019) 145-148 96 months, there was no difference in DFS between the observation and CT groups with a 5-yr DFS rates of 50% and 27% respectively (p = 0.4) (Mangili et al., 2016) . In another retrospective study, Wang et al. (2018) , analyzed 60 patients with stage IC granulosa cell tumors. In that study rate of adjuvant chemotherapy administration was 53.3%. After a median follow-up of 88 months no difference in DFS was noted between patients who did and did not receive adjuvant chemotherapy (87.5% and 76.3% respectively, p = 0.197). In addition, the number of chemotherapy cycles was not associated with relapse rate (Wang et al., 2018) . Given the indolent nature of GCTs, it is difficult to demonstrate a benefit to adjuvant chemotherapy since tumor relapse can occur even 10 years or more following initial treatment. On the other hand, chemotherapy can be associated with significant morbidity such a pulmonary fibrosis, myelotoxicity, and secondary malignancies. There is no level I or II evidence supporting its use for patients with stage I SCSTs, even in the presence of high-risk characteristics. As such, the decision to administer adjuvant chemotherapy should be individualized and involve extensive patient counseling. Traditionally the BEP regimen has been offered, however platinum-taxane combination is an acceptable alternative with less toxicity (Ray-Coquard et al., 2018) .
Nevertheless, since relapse rates for patients with stage IC disease can be as high as 30-40%, there remains a need for novel adjuvant treatment options as well as biomarkers to identify patients at an increased risk for a relapse. The expansion of molecular techniques and the identification of a unique genetic mutational profile such as FOXL2 for granulosa cell tumors (Schultz et al., 2016) open new possibilities for the development of targeted and immune therapies. Recently, the presence of a mutation at the telomerase reverse transcriptase (TERT) gene was correlated with relapse risk and overall survival for patients with granulosa cell tumors (Pilsworth et al., 2018) . Moreover, in vitro experiments indicate that tyrosine kinase inhibitors may have a role in the management of patients with granulosa cell tumors and merit further investigation (Jamieson and Fuller, 2015) . Hormonal therapy can also be useful in the management of select patients with GCTs, especially those whose tumors express estrogen and progestin receptors (van Meurs et al., 2014) The main strength of the present study is the fact that the data was derived from a hospital-based database and included patients managed in academic as well as non-academic centers limiting patient selection bias. However, several limitations should be noted. First, due to the lack of central pathology review possible tumor misclassifications cannot be excluded, while tumor grade was available for 128 patients. In addition, unmeasured factors such as patient functional status, specialty of treating physician and physician preference may have influenced the decision to administer adjuvant chemotherapy. While the vast majority of patients received a multi-agent regimen, specific details such as dosage, number of cycles and agents used were not available. Moreover, we could not discriminate between stage IC1, IC2 and IC3. However, given the rarity of GCTs the power of such sub-analyses would have been limited. Unfortunately, the NCDB does not collect data on tumor relapse, thus we could not calculate differences in PFS. Median followup of the present cohort was approximately 5 years, and as such, we cannot exclude the possibility that chemotherapy has an impact on 10 year survival rate. Lastly, specific details on the staging procedures performed and pre-operative imaging were not available, thus our population may have included inadequately staged (presumed stage IC) patients.
In this large cohort of patients with stage IC GCTs a temporal trend towards an increase in the administration of adjuvant chemotherapy was observed. Similar to previous studies, however, adjuvant chemotherapy was not associated with an overall survival benefit even after controlling for major confounders. Given the limitations of the present study, our results should not be regarded as definitive evidence but rather as hypothesis generating only. Analysis of data from international registries could aid in elucidating the optimal management of these patients. Due to the unclear benefit of current adjuvant chemotherapy in early disease, efforts should be focused on the development of novel therapies and evaluating these in international clinical trials. In the absence of definitive evidence decision to administer adjuvant chemotherapy should be individualized following discussion with the patient.
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